Introduction
[2] The two megathrust earthquakes of 26 December 2004 (M w =9.3) and the 28 March 2005 (M w =8.6) in the Andaman-Sumatra region exhibited distinct and divergent rupture patterns. As postulated by Singh [2005] , these events have demonstrated that the tectonic and structural elements play a critical role in governing the nucleation, growth and arrest of rupture propagation. The 2004 event nucleated off northern Sumatra, propagated unilaterally in the north-northwest direction and ruptured about 1300 km long plate boundary in about 8-10 min [Ammon et al., 2005] , the rupture area roughly coinciding with the after shock distribution (Figure 1b) . In contrast, the 2005 event has shown bilateral rupture. While the length of the rupture zone and the source region are well constrained [Lay et al., 2005; Neetu et al., 2005] , the factors that controlled the geometry of rupture and the distribution of aftershocks are not well understood. Singh [2005] attributed the differences in the aftershock distribution and pattern of these two events to a lithospheric scale boundary based on bathymetry, and modelling results. The two events are located on either side of West Andaman Fault (WAF) [Curray et al., 1979] , indicating that WAF played a critical role in controlling the rupture pattern of both the 2004 and 2005 earthquakes [Singh, 2005] . In the case of 2004 event, the rupture confined to the narrow corridor between the WAF and the trench line, where as the 2005 event being on the eastern side of the WAF did not result in much aftershock activity across the WAF (Figure 1) .
[3] The fault plane motion along the WAF exhibit variability as depicted by the CMT solutions of the events located on or very near to the WAF (Figure 2 ). The northern portion of the WAF in the Andaman sector represents predominant strike-slip motion, while a mixed response of strike-slip and thrust fault motions are seen toward south in the Sumatra sector. The WAF bifurcates into two branches off Nicobar Island, one branch joins the great Sumatran Fault and the other swerves around the northern tip of Sumatra, continues in the western offshore of Sumatra and eventually joins the Mentawai fault zone [Diament et al., 1992] . While the Sumatran fault and the Mentawai faults in the Sumatra sector are well studied [Sieh and Natawidjaja, 2000] , the nature and characteristics of the WAF in the Andaman sector between 4 o N to 12 o N remained poorly known due to scanty information. Here we provide crustal structure and new insights into the tectonic characteristics of the WAF in the Andaman sector by using shipboard gravity, swath bathymetry, single channel seismics and seismological data. We also examine the influence of WAF in modulating the after shocks of the two megathrust events.
Geodynamic Setting
[4] The subduction zone in the northeastern Indian Ocean and the Andaman island arc system together with the Andaman backarc basin is a part of major trench-arc system. The tectonic framework of the Andaman Sea is well documented [Rudolfo, 1969; Curray et al., 1979; Kamesh Raju et al., 2004; Curray, 2005] . Prominent morphological features such as Barren Island (BI), Narcondam Island (NI), Invisible Bank (IB), Andaman Backarc Spreading Center (ABSC) and the Alcock and Sewell seamount complexes, mark the backarc basin ( Figure 2 ).
[5] The subduction, presumed to have started in the early Cretaceous [Scotese et al., 1988] , occurs all along the Sunda arc and extends from the eastern Himalayan syntaxis to Banda arc with major variations in speed and direction resulting in oblique convergence. The strike-slip faulting parallel to the trench axis, formation of a sliver plate, backarc extension and basin formation are some of the effects of oblique plate convergence. Analysis of high resolution swath bathymetry and other geophysical data [Kamesh Raju et al., 2004] based on the revised seafloor spreading estimates is 26 mm/yr. The ABSC is connected to the Sagaing fault system in the north and abuts the WAF in the SW; and the WAF in turn connects to the Sumatran fault and the Mentawai fault systems off Sumatra (Figure 2 ).
Data
[6] Multibeam bathymetry data acquired during the 168 th cruise of ORV Sagar Kanya and the earlier data [Kamesh Raju et al., 2004] are presented. Single channel seismic reflection and gravity data acquired onboard AA Sidorenko (April, 1995) are used to generate the crustal models. Seismological data and focal mechanism solutions are obtained from the National Earthquake Information Center (NEIC), USGS and the Harvard-CMT solution catalogue respectively. 
Crustal structure across the West Andaman Fault

Free-air gravity and seismics
[8] The free-air gravity mimics the seabed topography along the profiles AN1, AN2 and AN3 ( Figure  3) . A prominent free-air gravity low of 100 to 150 mGals is noticed towards the west of WAF. This gravity low corresponds to the effects of subducting plate and the formation of forearc basin east of the Andaman Islands. The other prominent gravity anomaly corresponds to the WAF. The gravity, bathymetry and seismic character of the WAF change from north to the south and is controlled by the regional tectonic and structural fabric of the Andaman basin. The profile AN1 does not show a strong bathymetric step and is covered with sediments as it lies on the inactive part of the WAF. In contrast, along the profiles AN2 and AN3, the bathymetric step resulting from WAF is prominent with no sediment cover on the fault plane and thick sediments at the base of the fault and further east. Thin or no sediment cover along the fault plane and the seismic reflection signature over the profile AN2 suggests active faulting and the fault plane solutions indicate prominent strike-slip motion (Figure 2 ). Towards east of the WAF, the presence of Alcock and Sewell seamount complexes are seen along the profiles AN1 and AN3 respectively. Thick sediments are noticed in the seismic section along the profile AN2 as it traverses the backarc basin (Figure 3 ).
Forward modeling of free-air gravity
[9] Long-wavelength gravity effect due to the Indian Ocean lithosphere subducting below the Andaman arc was computed following the method of Furuse and Kono [2003] , assuming the subducting plate geometry of Dasgupta et al. [2003] . The slab residual anomalies are modeled (Figure 4 ) to infer the crustal structure. [10] The subducting slab geometry and the trench axis location derived from the satellite derived gravity and topographic maps are considered as the first order constraints. Densities were assigned based on the works of Mukhopadhyay [1988] and of Kopp et al. [2001] in the Sumatra sector. The forearc basin is modeled by invoking thick sediments forming an accretionary prism with high density of 2.7 g/cm 3 [Kopp et al., 2001] . Along the northern profile AN1, consolidated sedimentary rocks of density 2.7 g/cm 3 with undulating crust-mantle interface was invoked in the model, to compute the effect of part of the Alcock seamount complex, implying local compensation of Alcock seamounts. The crustal models along the profiles AN2 and AN3 (Figure 4 ) suggest that the WAF is characterized by shallow mantle. It is interesting to note that Andesites were recovered in a dredge haul along the fault planes east of the WAF (Cruise report of AAS-11). The shallow mantle east of the WAF in the Andaman backarc basin is consistent with the presence of ABSC [Kamesh Raju et al., 2004] . The profile AN2 intersects the spreading center (Figure 2 ) and the shallow mantle in the crustal model coincides with this location.
Discussion
[11] Lithospheric boundaries in the upper plate play a key role in the size and nature of the megathrust earthquakes [Sieh and Natawidjaja, 2000; Singh, 2005] . The WAF swerves around the tip of the northern Sumatra around 6 o N and eventually joins the Mentawai fault zone around 2°N. The section of the WAF between 1 o S and 2 o N is highly segmented and the segmentation is attributed to the transtentional necking of the forearc region during the past 4 m.yr. [Sieh and Natawidjaja, 2000] .
[12] One of the plausible reasons for the channelling of the 2004 earthquake rupture into a narrow zone towards north could be that the event occurred west of a lithospheric boundary near the Simeulue Island [Singh, 2005] . The lithospheric boundary starts near Simeulue Island and continues up to east of Nicobar Islands, where the Sumatran fault intersects the WAF. It may be noted that the WAF is connected to the ABSC and the Sagaing fault in the north, and Sumatran and Mentawai fault systems in the south. The region east of Nicobar, where these structural features intersect, has witnessed a swarm of events ranging in intensity from 2 to 6 magnitude post 26 December 2004 event (Figure 1) . The off Nicobar swarm with more than 150 events with 5 or greater magnitude occurred during 27 to 30 January 2005, is the most energetic swarm ever observed globally. This swarm activity is suggested to be a part of the overall interplate motion partitioning [Lay et al., 2005] . The after shock pattern of the 2004 event and the March 2005 events are distinctly different, and appear to be controlled by the lithospheric scale boundaries. It was also suggested that the subduction of a fossil ridge possibly added some kind of heterogeneity between the ruptures [Gahalaut et al., 2006] . In the south, off Sumatra, the subduction of Investigator fracture zone has resulted in the transtentional necking of the forearc region [Sieh and Natawidjaja, 2000] . [13] The crustal structure derived from the gravity modelling suggests that the WAF is deep seated and can act as a lithospheric scale boundary. The reflection signature over the fault plane along the WAF (Figure 3) , vouch the ongoing active motion. Recovery of Andesites from the fault planes east of the WAF is indicative of ascending melts. Andesites are the products of re-melted subducted slabs usually recovered in the backarc settings. The WAF has probably provided the pathways for the ascending melts. This evidence also suggests that the WAF is deep seated and may act as lithosphere scale boundary. The distinctly diverse rupture characteristics of 2004 and 2005 events can then be explained by the existence of a combination of complex tectonic structures and their response to the large magnitude subduction zone earthquakes. It may be noted that besides the widely accepted major factor such as the accumulation of elastic strain due to the subducting plate as the major principal cause of the megathrust events, the structural and tectonic fabric greatly affects the favoured location and the rupture pattern. The WAF, ABSC, Sumatran and Sagaing faults are some of the important interconnected structural elements in the Andaman Sea region that played critical role. The unusually long unilateral rupture zone of 2004 event, the Nicobar swarm, the bilateral rupture of the 2005 event are the manifestation of the influence of these tectonic elements.
[14] Based on the GPS measurements of coseismic displacements in the Andaman sector and convergence direction north of Andaman Islands [Stein and Okal, 2005] , Gahalaut et al. [2006] suggested that the probability of occurrence of a great or large earthquake between the north Andaman and Indo-Burmese arc between 14 o and 21 o N is the least. Sunda strait marks the transition zone between the orthogonal subduction off Java to oblique subduction off Sumatra. The obliquity in the subduction is evidenced by chaotic seismic reflections in the accretionary complex and this is attributed to the strain partitioning due to oblique subduction in the Sumatra sector [Kopp et al., 2001] . The obliquity gradually increases towards north and is more prominent in the Andaman sector and further north in the Indo-Burmese plate boundary it becomes purely strike slip [Rao and Kumar, 1999; Nielsen et al., 2004] . Increase in the age of the subducting lithosphere from 60 m. yr. to 90 m. yr. between Sumatra and Andaman sectors may also influence the mechanical coupling on the thrust plane [Lay et al., 2005] . Subduction of younger lithosphere tend to result in inter-plate faults with shallow dips and broad contact areas and generate great earthquakes, whereas in locations where older crust is subducted and backarc spreading is initiated, great earthquakes are rare [Ruff and Kanmori, 1983; Scholz and Campos, 1995] . The increased component of oblique subduction, active back arc spreading [Kamesh Raju et al., 2004] , active strike slip motion along the WAF as evidenced by the fault plane solutions in the Andaman sector are the probable factors that explain the absence of large magnitude earthquakes in the Andaman sector north of 10 o N. Further detailed marine geophysical investigations are required to understand the interaction of the WAF and the Sumatran fault.
Conclusions
[15] The results support the idea of Singh [2005] that the WAF forms a lithospheric scale boundary and acts as a barrier modulating the occurrence of large earthquakes and their rupture process in the Andaman Sea.
[16] The active strike-slip motion along the WAF, the presence of ongoing backarc spreading activity coupled with increased obliquity of subduction in the Andaman sector reduce the probability of occurrence of major or great earthquakes north of 10 o N.
